Abstract-In this study oxidation of organic matter in wastewater with the Fenton, photo-Fenton, photo-hydrogen peroxide and hydrogen peroxide processes was evaluated in the treatment pilot plant in the Universidad Autónoma Metropolitana-Azcapotzalco in Mexico City. The experimental design had three factors: the oxidation process, the wastewater flow (30 l/min and 45 l/min) and the dose of hydrogen peroxide (40 mg/l and 80 mg/l). Concentration of organic matter was measured as the chemical oxygen demand. The highest oxidation efficiency was achieved by hydrogen peroxide with a wastewater flow of 30 l/min and a hydrogen peroxide dose of 80 mg/l (56.0 % ± 6.6 %). The standard deviation of oxidation efficiency was relatively high for most oxidation treatments. This was attributed to the variability of wastewater quality. It is recommended to study the effect on the hydrogen peroxide dose on oxidation of organic matter and to carry out an economic analysis before implementing any of these treatments in the university wastewater treatment plant.
I. INTRODUCTION
CCESS to enough water of good quality is central to human development. Water is closely related to economic, social and cultural development. Halving the proportion of the population without sustainable access to drinking safe water by 2015 is one of the millennium development goals of the United Nations [1] .
Mexico has a territory of 1.964 million of km 2 . While in two thirds of the country the annual precipitation is less than 500 mm, in the South East it is more than 2,000 mm [2] . Also, the 68% of monthly precipitation in Mexico occurs from June to September [2] . In 2009, renewable water was 4,263 m 3 /person/year, municipal wastewater generation was 237.5 m 3 /s, and only the 37% of this was treated [2] . Due to those unbalances, there is a need to develop alternative treatment technologies that reduce the use of water resources and minimize waste generated during treatment.
In 2006 the wastewater treatment pilot plant (WWTP) in the Universidad Autónoma Metropolitana -Azcapotzalco (Autonomous Metropolitan University, Campus Azcapotzalco), located in Mexico City, started operations. One of the main aims of the WWTP is to investigate technologies that can be implemented in developing countries to treat wastewater for reuse.
In 2012 the university had a population of 18,078 persons (students, academics and administrative workers) [3] and produced around 300 m 3 /day of wastewater, of this about the 10 % in volume was treated in the plant [4] .
There are three academic terms per year, each term lasts 12 weeks. The plant operates during the academic term from Monday to Friday. The quality of wastewater generated in the university depends on factors such as the amount of people in the university, the day of the week, the time of the academic term and amount of precipitation among others.
Fenton processes (H 2 O 2 /Fe 2+ ) are an attractive technology for industrial and municipal wastewater treatment in developing countries due to advantages such as [5] :
 The chemicals used are easy to handle, not toxic and not harmful to the environment  Lower cost compared to other advanced wastewater treatments  The products of the Fenton reaction with organic matter are carbon dioxide (CO 2 ) and water Fenton reactions belong to a group of processes known as advanced oxidation processes (AOP). In these the oxidation of the target pollutant is through formation of highly reactive species such as the hydroxyl radical (OH·) [6] . Some other AOP are [7] :
UV) The aim of this work was to evaluate the oxidation efficiency of organic matter in real wastewater with the Fenton, photo-Fenton, photo-hydrogen peroxide and hydrogen peroxide process.
II. METHODOLOGY
This study was carried out in the wastewater treatment pilot plant of the university. The main treatment train in the plant consists of pretreatment, coagulation/filtration, sedimentation, filtration, oxidation of organic matter and disinfection ( In this study, oxidation of organic matter in wastewater generated in the university was evaluated with Fenton, photoassisted Fenton, hydrogen peroxide-UV and hydrogen peroxide processes. The concentration of organic matter was measured as chemical oxygen demand (COD). Table I shows the parameters and the methods used for the physicochemical characterization of wastewater. Electric conductivity NMX-AA-093-SCFI-2000 [9] pH NMX-AA-08-SCFI-2000 [10] Total suspended solids Suspended Solids Photometric [11] Turbidity Suspended Solids Photometric [11] Chemical oxygen demand Method 5220 [12] B. Oxidation Processes Wastewater from the filtration unit ( fig. 1) was feed into the different oxidation processes. In the Fenton and photo-Fenton systems free radicals were produced with iron swarf, which is a waste from the metal-mechanic industry, and hydrogen peroxide. Oxidation systems used in this study are described below.
A. Characterization of Wastewater

Fenton and Photo-Fenton, Configuration A
In this Fenton configuration, shown in Fig. 2 (a) , a hydrogen peroxide solution was feed into an iron packed column. Then, the effluent of this column and the filtrated wastewater were feed in a static mixer. In the photo-assisted Fenton treatment, shown in Fig. 2 (b) , wastewater was passed through the UV system after the Fenton process. In Fenton system, shown in Fig. 3 (a) , filtered wastewater was mixed with a solution of hydrogen peroxide. Then, this mixture was passed through the iron packed column. In the photo-Fenton treatment, shown in Fig. 3 (b) , wastewater was feed into the UV system after the Fenton process. 
Photo-Hydrogen Peroxide and Hydrogen Peroxide
In the photo-hydrogen peroxide process, shown in Fig. 4 (a) , filtered wastewater and hydrogen peroxide were feed into the static mixer. Then, this mixture was passed to the UV treatment unit. In the hydrogen peroxide treatment, shown in Fig. 4 (b) , wastewater was combined with hydrogen peroxide in the static mixer; this is the only treatment evaluated that is not an advanced oxidation process. 
D. Oxidation Efficiency
The oxidation efficiency was calculated by dividing the change in COD concentration due to the oxidation processes by the concentration of COD before oxidation.
The software Statgraphic centurion XV was used to conduct a one way analysis of variance (ANOVA) test with the means of oxidation efficiency for the treatment combinations.
E. Amount of Organic Matter Removed by mg of Hydrogen Peroxide
The amount of organic matter as mg of COD per mg of hydrogen peroxide was calculated by dividing the change in COD due to the oxidation processes by the dose of H 2 O 2 . Table III shows the characterization of wastewater before the oxidation processes. This table presents the mean and standard deviation for all the treatment combinations. It is evident that quality of wastewater varies widely. For instance, the average for the chemical oxygen demand (COD) was 200.5 ± 70.3 mg/l. This variation is normal since the quality of wastewater in the university depends on a number of factors such as the amount of people in the university, the day of the week and the time of the academic term among others. Fig. 5 presents the mean oxidation efficiency of organic matter for the different treatment combinations. The error bars represent the standard deviation. The highest average oxidation efficiency of organic matter was achieved with hydrogen peroxide (P-WL-PL (45.5 ± 15.4) and P-WL-PH (56.0 ± 6.6)), photo-Fenton configuration A with high wastewater flow (UVFA-WH-PL (44.9 ± 14.3), UVFA-WH-PH (48.4 ± 16.0)) and photo-Fenton configuration B with low wastewater flow and high hydrogen peroxide concentration (UVFB-WL-PH (44.4 ± 19.2)). However, these processes presented a relatively high standard deviation.
III. RESULTS
A. Characterization of Wastewater
B. Oxidation Efficiency
The Fenton configuration A with high wastewater flow and high hydrogen peroxide concentration (FA-WH-PH (23.3 ± 1.4)), the photo-assisted Fenton configuration B with low wastewater flow and low hydrogen peroxide concentration (UVFB-WL-PL (33.0 ± 2.3)) and the photo assisted Fenton configuration B with low wastewater flow and high hydrogen peroxide concentration (UVFB-WL-PH (25.7 ± 2.28)) were the processes with the smallest standard deviations but also had a low oxidation efficiency. 
C. Analysis of Variance for Oxidation Efficiency
The ANOVA test found a statistical difference between the means of the oxidation efficiency for the 14 treatment combinations (F(13,27) = 3.05, p = 0.0069). The Fisher's least significant difference test found 5 homogeneous groups, at confidence level 95 %. The groups are shown in table IV, there is no statistical difference in the means of those treatments that share an X's column. 
D. Amount of Organic Matter Removed by mg of Hydrogen Peroxide
The mean and standard deviation of COD removed in mg per mg of hydrogen peroxide is presented in Fig. 6 . The treatment combinations that oxidized more organic matter per mg of H 2 O 2 were the photo-assisted Fenton configuration B with high wastewater flow and high peroxide hydrogen concentration (UVFB-WL-PL (2.3 ± 1.0)), the photo-assisted Fenton configuration B with low wastewater flow and low hydrogen peroxide concentration (UVFB-WH-PL (2.2 ± 0.3)) and the UV-hydrogen peroxide with low wastewater flow and low hydrogen peroxide concentration (UVP-WL-PL (1.6 ± 0.8)). 
IV. CONCLUSIONS
The high standard deviation in the efficiency of the oxidation processes was in part the result of the variability in the initial water quality. However, it is important to remark that in this study real wastewater in a continuous flow pilot plant was used. Hence, it is not possible to control parameters such as pH, electrical conductivity, total suspended solids, turbidity, color and chemical oxygen demand that may have an effect on the oxidation of organic matter.
Oxidation efficiency with hydrogen peroxide was among the highest (45.5% -56.0%). However this is not an advanced oxidation process; i.e. the highly reactive species, such as the hydroxyl radical (OH·), are not formed. Then, it is possible that in the Fenton, photo-assisted Fenton and photo-hydrogen peroxide treatments the radicals are reacting before getting in contact with the organic matter in the wastewater.
Another way of measuring the efficiency of treatments is the amount of organic matter oxidized per mg of hydrogen peroxide used. The oxidation processes with a low dose of hydrogen peroxide removed more organic matter per mg of this oxidant.
It is recommended to study the effect on the hydrogen peroxide dose on oxidation of organic matter and to carry out an economic analysis before implementing any of these treatments in the university wastewater treatment plant.
ACKNOWLEDGMENT
Authors are thankful to the technicians of the Wastewater Treatment Pilot Plant of UAM-A Adan O. Pérez-Alva and Laura Medina-Tovar for the support to the development of the experimental work.
